Mutual interferences among geostationary satellite communication systems determine the permitted spacing between satellites and the limits on the capacity of the orbit/spectrum resources available. This paper describes the "Spectrum/Orbit Utilization Program," a computer program for analyzing the mutual interferences among communication satellite systems. Capabilities of the program are described. Inputs, models used, program operations, and program outputs are given. To show application of the program, an example scenario is analyzed for fixed satellites providing domestic service to North America.
INTRODUCTION
Current and projected demands on the use of the geostationary orbit/spectrum resource require an analytic tool for determining the interferences among operating and planned communications systems. Prior to development of a satellite system, a detailed analysis must be performed to determine the expected interference environment during operations. Such calculations determine the permitted spacing between satellites and the limits on the capacity of a particular orbit/ spectrum segment.
The Spectrum/Orbit Utilization Program (SOUP) is an analytic computer program for determining the mutual interferences among many geostationary satellite communication systems operating in a given scenario. The major computed outputs are the carrier-to-interference ratios at specified earth station receiver sites. This information allows the determination of the acceptability of planned communication systems. Development of the SOUP analysis program has occurred over the last fourteen years. In to be the analysis program used at the 1983 Regional Administrative Radio Conference for the broadcasting satellite service at 12 GHz in the western hemisphere. A number of major modelling changes were made, and inputs and outputs were modified to interface with other programs and the several data bases used at the Conference. The current version of SOUP (SOUPS Version 3.8) is described in a technical manual and a users' manual (refs. 4 and 5) .
This paper gives an overview of the SOUP analysis program. The basic capabilities of the program are described. The inputs required, the models used, program operations, and the outputs produced are summarized. Application and use of the program are shown by the presentation of an example analysis of a scenario for the fixed satellite service for North America.
CAPABILITIES OF THE ANALYSIS PROGRAM
SOUP calculates interferences and computes the communications impacts of those interferences. For the general situation depicted in Fig. 1 , the feederlink carrier-to-interference ratio (C/I) is calculated at each satellite. At each earth station receive point, the downlink C/I is calculated, taking into account interferences from all other satellites in the geostationary orbit. Of course, only those satellites operating at nearby frequencies are entered into the scenario.
The program, as presently configured, can handle up to 300 downlink service areas and 300 feederlink service areas, where each service area pair is associated with a satellite in the geostationary orbit. The downlink service area and the feederlink service area associated with a single satellite are not required to be the same. There can be up to 1600 feederlink transmitter sites and 4500 earth station receiving sites. Dimensions of the arrays in the program can be increased at the expense of additional memory requirements and longer run times.
When the total C/I is calculated at an earth station receiver, account is taken of interferers that are co-channel, adjacent channel, and second 29.4.1 U.S. GOVERNMENT WORK NOT PROTECTED BY U.S. COPYRIGHT adjacent channel. Downlink and feederlink interferences are mathematically combined, and the total interference is compared to a given requirement that varies with modulation type, grade of service, and other parameters. Earth station receivers that exceed the required C/I are said to have a positive margin, those that fail to meet the requirement have a negative margin.
For some systems, communications performance may be specified in terms other than C/I, e.g., picowatts of noise added to a telephone channel or bit error rate in a digital system. In these cases, a receiver transfer constant is used to transform from a C/I ratio to an output performance measure.
The calculations performed for each test point have technical parameters that are variable for each service area. Rain attenuation and other propagation effects can be taken into account. Either circular or linear polarization can be used. Additional quantities calculated include power flux-density, received power, received carrier-to-noise ratio, and spacecraft power.
PROGRAM DESCRIPTION
The SOUP analysis program acts upon a number of input data files, performs calculations, and produces the outputs that indicate the mutual interferences in the satellite systems under consideration. The system overview of the program is Fig. 2 . Subsequent sections will discuss the inputs, the mathematical models used, operations, and the outputs. SOUP is written in FORTRAN and has been found to be easily transferable from machine to machine. It has been run on IBM 370, VAX, PRIME-400, and SIEMENS computers. Full details of the program are given in Refs. 4 and 5.
Inputs
To Fig. 4 . The segments of the off-axis gain curves of the type shown in Fig. 4 are mathematically modelled as constants, polynomials, exponential functions, or logarithmic functions. Antenna gain characteristics may also be input as gain contours on the surface of the earth (for satellite antennas) and as range measured antenna characteristics in spherical coordinates.
In the case of an elliptical spacecraft antenna, the off-axis gain is calculated by first determining an equivalent half power beamwidth in the off-axis direction. Then the gain is computed by using that half power beamwidth in the appropriate antenna gain model. Protection Ratios In a communication system, the protection ratio is defined as the ratio at the receiver input of the wanted signal power to the aggregate interfering signal power required to meet a given quality of service. The protection ratio varies as a function of wanted and interfering signal types, the modulations used, the frequency difference between wanted and interfering signals, and a number of other parameters. In the SOUP program, the protection ratio can be modelled as a template (fig. 5 is typical) or as discrete values for the co-channel, adjacent channel, and second adjacent channel interference cases.
Transmit Power Space station and feederlink transmit powers may be specified in terms of EIRP, Watts delivered to the antenna, resultant power flux density, or resultant carrier-tonoise ratio. For whatever form is specified, the other parameters are calculated and supplied to the user.
Propagation Model
The current CCIR propagation model is incorporated as a subroutine. Other propagation models are available as options. Rain attenuation and depolarization are used in SOUP. Calculations may be run either for clear weather or for propagation effects taken into account, i.e., with rain.
Rain attenuation is used to calculate transmitter powers required, while both rain attenuation and depolarization effects are used to calculate received powers. C/I calculations are done on a worst case basis. For feederlinks, faded C and unfaded I are assumed. For the downlink, at a particular earth station receiver site, both the C and the I are assumed to experience fading. The magnitude of the fade for each, of course, depends on the elevation angle to the source.
Channelization Calculations in SOUP may be performed for individual channels or for groups of channels. For individual channels, exact center frequencies are used, while for groups of channels, a typical frequency is used.
Aggregate and Total Interference and Margin Interferences are calculated in five categories: co-channel, upper and lower adjacent channel, and upper and lower second adjacent channel. Within each category, multiple interferers are assumed to add on a power basis to form the aggregate interference in that category. The aggregate uplink C/I and the aggregate downlink C/I are combined to form the total aggregate C/I in a category.
Each category has a protection ratio associated with it. The difference between the C/I and the protection ratio is the protection margin. Thus, a total aggregate co-channel protection margin is calculated. To combine all interference effects, the total aggregate equivalent protection margin M is calculated. 
M2,M3
total aggregate adjacent channel protection margins for the upper and lower adjacent channels respectively, in dB.
M4,M5
total aggregate second adjacent channel protection margins for the upper and lower second adjacent channels respectively, in dB. The adjective "equivalent" indicates that the protection margins for all interference sources from the adjacent and second adjacent channels as well as co-channel interference sources have been included.
Interference Matrix An interference matrix is available to allow the inhibiting of interference calculations between systems serving selected service areas. This feature is useful in removing from the calculations interference situations that might be solved by other means such as, bilateral coordination.
Program Operations
The block diagram in Fig. 2 The summary of results in Table III shows for each test point, in each service area the C/I for co-channel, adjacent channel, and second adjacent channel interferers. The positive total margins indicate acceptable operation for the C/I criterion used. Where the margins are slightly negative, the C/I criterion has not been met, and slightly degraded performance will occur.
The detail reports in Table IV give values for specific parameters in the link calculations, e.g., carrier to noise ratio, received power flux density, antenna gains, transmitter power, and slant range.
CONCLUDING REMARKS
This paper has given an overview of the Spectrum/Orbit Utilization Program (SOUP) for analyzing the mutual interferences among communication systems having satellites in geostationary orbits. Capabilities of the program were described. Inputs, models used, program operations, and program outputs were given. Application of the program was shown by analyzing an example scenario in the fixed satellite service for domestic service within North America. 
